BACKGROUND The contribution of family history to cutaneous squamous cell carcinoma (SCC) risk has not been systematically quantified.
C utaneous squamous cell carcinoma (SCC) is the second most common malignancy in the United States, afflicting approximately 700,000 Americans annually. 1 Squamous cell carcinomas tend to arise in fair-skinned individuals, and their risk is largely attributed to environmental risk factors, particularly sun-exposure. 2 There is also a genetic basis for SCC, as evidenced by an increased risk among first-degree relatives of SCC cases, [3] [4] [5] [6] [7] and from hereditary syndromes that are associated with an increased risk of SCCs. 8 The contribution of family history of skin cancer to overall SCC risk has not been systematically examined. Also, there is little known as to whether family history imparts risk because of a heritable propensity to develop skin cancer, innate factors such as pigmentation, or whether the increased risk is due to shared environmental exposures amongst family members such as sun-exposure and sun-protective behaviors. To address this knowledge gap, the authors used data from a case-control study to examine the association between family history of skin cancer and SCC risk adjusting for known environmental and innate SCC risk factors.
Materials and Methods

Study Population
Data were drawn from a case-control study designed to examine the association between nonsteroidal anti-inflammatory drug use and SCCs, as described previously. 9 The study population consisted of a ran- 
Family History of Skin Cancer
Subjects provided responses to the question "Have any of your natural parents, brothers, or sisters (not adopted, step, or half) had skin cancer?" (yes, no, not sure). Subjects with positive responses were asked to identify the type(s) of skin cancer, if known (SCC, basal cell carcinoma [BCC], melanoma, not sure).
Environmental Risk Factors for Squamous Cell Carcinoma
Subjects also answered questions concerning environmental factors known to influence SCC risk including history of severe lifetime sunburns, regular (at least once-a-week) peak-time sun-exposure (yes/ no), occupational sun-exposure (yes/no), tanning bed use (yes/no), high-risk exposures, including ultraviolet light treatment, burn scar, nonhealing ulcers, radiation treatment, arsenic exposure, exposure to industrial chemicals (yes/no), and smoking (current vs former/never). Subjects reporting regular peak-time sun-exposure also reported the average number of hours of exposure per week and the use of sunscreen and sun-protective clothing (never/rarely vs much/ most of the time).
Innate Risk Factors for Squamous Cell Carcinoma
Subjects self-reported information on hair color (black/brown, light brown, red/blond), eye color (brown, green/hazel, blue/gray), and Fitzpatrick skin Type (I, II, III, IV+).
Statistical Analysis
The authors used conditional logistic regression analysis of matched case-control pairs to estimate odds ratios (ORs) and Wald 95% confidence intervals (CI) related to family history, adjusted for environmental and innate risk factors. All statistical analyses were performed using SAS, version 9.3, (SAS Institute Inc., Cary, NC).
Results
The average age of participants at index date was 72.5 6 8.6 years, and the majority were male (61.9%).
Regarding environmental risk factors for SCC, cases were more likely than controls to have had >2 sunburns, to have had routine peak sun-exposure, to use sunscreen only or sunscreen plus protective clothing when exposed to peak sun, to have had higher daily average hours of exposure, to have had high-risk exposures, and to be current smokers. Cases and controls were similar with respect to occupational sunexposure and tanning bed use. Regarding innate risk factors for SCC, cases were more likely to have lighter hair and eye color and skin type (Table 1) .
In unadjusted models examining family history of skin cancer, those with any known family history of skin cancer were at substantially increased risk of SCC (OR, 4.2; CI: 2.8-6.3, compared with those with no family history of skin cancer). Subjects reporting an unknown family history of skin cancer were at similarly increased risk of SCC compared with those with no family history of skin cancer (OR, 4.3; CI: 2.8-6.7).
In models adjusted for environmental risk factors (sunburns, peak sun, high-risk exposures, and smoking), the four-fold higher risk of SCC among those with a known and unknown family history of skin cancer (as compared with those with no history) persisted, with little change in the point estimate of risk ( Figure 1 ). The point estimates did not change substantially in models that adjusted for both environmental and innate variables (eye color, hair color, and skin type). Further examination of the impact of familial history of skin cancer type ( Figure 2 ) indicated that although there was increased risk with family history of SCC only (OR, adjusted 3.4; CI: 1.0-11.6) and melanoma only (OR, 5.6; CI: 1.6-19.7), the highest magnitude of risk was associated with family history of BCC (OR, 9.8; CI: 2.6-36.8) or multiple types of skin cancer (OR, 10.5; CI: 2.7-29.6). Examining interactions of hair color and skin type with family history yielded no significant findings.
Discussion
The authors report that family history of skin cancer is strongly associated with SCC risk, independent of known environmental and innate risk factors. Although SCC risk was strongest among individuals with a family history of BCC or multiple skin cancer types, their findings suggest that any self-report of positive family history of skin cancer, regardless of type, places individuals at a greater risk of SCC. Adjusting for environmental or innate SCC risk xIncludes UV light treatment (n = 50), burn scar (n = 49), nonhealing ulcers (n = 40), radiation treatment (n = 101), arsenic exposure (n = 10), and exposure to industrial chemicals (n = 184).
kOne control had missing hair color (excluded from model). ¶One case and 2 controls had missing eye color (excluded from models).
#Skin type defined as response to the following question: "Which of the following describes your skin's reaction after exposure to 1 hour of mid-day sun for the first time in the summer?" with responses categorized as follows: painful or blistering sunburn with no tan (Type I), painful or blistering sunburn followed by a light tan (Type II), mild sunburn followed by a moderate tan (Type III), no sunburn followed by a deep tan (Type IV). Figure 1 . Adjusted models for the association of SCC risk with family history of skin cancer.
factors did not appreciably alter ORs. This finding further emphasizes the importance of family history of skin cancer, which has been noted by the US Preventative Services Task Force as an important risk factor in determining whether to screen adults for skin cancer. 12 Numerous studies have suggested a heritable component to SCCs. [3] [4] [5] [6] [7] A large Swedish registry-based population study reported that individuals with at least 1 relative affected with SCC had a 2-to 3-fold increased SCC risk relative to risk in the general population, 3 but this study did not include data on known SCC risk factors. Previous case-control studies have also reported an increased risk of SCC with positive family history of skin cancer (ORs, 1.9-2.8). [5] [6] [7] Although some of these studies employed multivariate models to adjust for known risk factors, 6, 7 no previous studies have examined the impact of types of familial skin cancer on SCC risk. Their findings suggest that compared with no history of skin cancer, both known family history and unknown family history were independently associated with increased SCC risk. In other words, people who are unaware of their family history are at similar risk to those who report a known family history of skin cancer when compared with those who do not have a history of skin cancer. It should be noted that the majority of their participants were aware of their family history (n = 682), whereas only 148 subjects (18% of subjects) were unaware of their family history of skin cancer. Regarding the subtype of skin cancer, there was increased risk with family history of SCC and melanoma, the highest magnitude of risk was associated with family history of BCC and multiple types of skin cancer.
Strengths of this study include a large sample size (n = 830) and thorough measurement of known innate and environmental SCC risk factors, such as skin type and sun-exposure history, through self-report. An additional strength is the KPNC setting that is a large integrated health care delivery system and allows comprehensive capture of all pathology specimens, thereby minimizing misclassification of case-control assignment. There are some potential limitations to this study, including the possibility of recall bias, selection bias, unmeasured confounding variables, and limitations of generalizability. Recall bias is a potential problem for self-reported variables, and it is possible that cases were more likely than controls to recall relatives with skin cancer. Recall bias in subjective reports of familial cancer is a known phenomenon, as illustrated by twin studies in which 1 member of a pair of twins had suffered cancer that demonstrate differential recall of family history amongst cancer survivors. 13 Interestingly, cases were not only more likely to report positive family history of skin cancer, but also to report unknown family history of skin cancer, suggesting that any recall bias may have manifested as cases recalling positive family history or being unsure about their family history. There may also be residual unmeasured confounding variables such as exposure to photosensitizing medications, which may be prescribed for certain conditions that cluster in families (e. g., Plaquenil treatment for autoimmune disorders), and thus may be associated with both family history and SCC risk. Alternatively, it may be that subjects who do not know their family history come from familial backgrounds that may have engaged in unmeasured environmental exposures, which may have led to increased exposure to SCC risk factors. However, their analysis took into account most known risk factors for SCC and the likelihood that an unmeasured confounding variable would explain the magnitude of the risk is small. The generalizability of their study may be limited because the authors only studied the KPNC members, although previous studies have shown that the KPNC membership is highly representative of the surrounding region except for the tail ends of the income distribution. 14 In this case-control study, the authors show that family history is an important independent risk factor for cutaneous SCCs. Family history may represent a shared genetic propensity to develop SCC independent of genetic influences on skin pigmentation. Future studies, such as genome-wide association studies, may help identify genetic determinants of cutaneous SCCs.
Clinicians should inquire about family history of skin cancer when ascertaining risk factors for skin cancer.
